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Orthodontic Correction of Insufficient Posterior Overjet with MicroimplantAssisted Rapid Palatal Expansion
Abstract
Transverse maxillary deficiency is often characterized by insufficient posterior overjet or posterior cross
bite and anterior crowding. However, arch expansion in adult patients has been considered to be
problematic owing to its possible periodontal side effects, such as gingival recession and bone
dehiscence. On the other hand, nonsurgical maxillary expansion of the palatal bone in young adults has
been demonstrated to correct transverse maxillary deficiency. This report describes the case of an
18-year-old patient with mild transverse maxillary deficiency accompanied by crowding who underwent
microimplant-assisted rapid palatal expansion (MARPE). Using microimplant-assisted rapid palatal
expansion allowed relief of crowding and correction of the patient’s insufficient posterior overjet. The
supra-erupted upper second molars were extracted and replaced with the upper third molars. This report
demonstrated that the combined use of MARPE could be an effective manner to treat adult patients with
maxillary transverse deficiency. However, long-term stability should be observed.
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CASE REPORT

Orthodontic Correction of Insufﬁcient Posterior
Overjet with Microimplant-assisted Rapid
Palatal Expansion
Po-Yi Chen, Tai-Ting Lai, Kai-Wen Yu, Huey-Yuan Wang, Shih-Ying Lin*
Department of Orthodontics, Taipei Mackay Memorial Hospital, Taiwan

ABSTRACT
Transverse maxillary deﬁciency is often characterized by insufﬁcient posterior overjet or posterior cross bite and
anterior crowding. However, arch expansion in adult patients has been considered to be problematic owing to its
possible periodontal side effects, such as gingival recession and bone dehiscence. On the other hand, nonsurgical
maxillary expansion of the palatal bone in young adults has been demonstrated to correct transverse maxillary deﬁciency. This report describes the case of an 18-year-old patient with mild transverse maxillary deﬁciency accompanied by
crowding who underwent microimplant-assisted rapid palatal expansion (MARPE). Using microimplant-assisted rapid
palatal expansion allowed relief of crowding and correction of the patient's insufﬁcient posterior overjet. The supraerupted upper second molars were extracted and replaced with the upper third molars. This report demonstrated that the
combined use of MARPE could be an effective manner to treat adult patients with maxillary transverse deﬁciency.
However, long-term stability should be observed. Taiwanese Journal of Orthodontics 2021;33(4):166e175
Keywords: Microimplant-assisted rapid palatal expansion (MARPE); Molar uprighting; Palatal expansion; Temporary
anchorage device (TAD)

INTRODUCTION

T

he narrowing of the maxillary arch is usually
accompanied by different types of malocclusion, including posterior cross bite, rotation,
crowding and buccal or palatal displacement.
Various appliances have been developed and
used to correct transverse discrepancies by
expanding the maxilla through opening the midpalatal suture.1 The most common nonsurgical
conventional appliances used are the tooth-borne
Hyrax expander and the tooth-tissueeborne Haas
expander. However, the predictability of orthopedic expansion is greatly reduced after suture
fusion with these appliances. Bishara and Staley2
found that the optimal age for rapid palatal
expansion (RPE) is between 13 and 15 years.
Surgically assisted rapid palatal expansion
(SARPE) performed with various maxillary

osteotomies can overcome the resistance of ossiﬁed sutures but this involves risks and high costs
for the patient.3 Microimplant-assisted RPE
(MARPE) has been used as a clinically effective
and stable method on nonsurgical correction of
transverse deﬁciency in adult patients.4 In a
clinical study, Tsai et al.5 found that the overall
success rate was 89.7% in terms of suture opening. Based on these ﬁndings, we hypothesized
that MARPE is effective not only for correcting
transverse maxillary deﬁciency in young adults
but also in gaining space in which to correct mild
anterior crowding.

CASE REPORT
An 18-year-old woman presented to us with
impacted lower right posterior tooth and malocclusion. She also reported occasional cheek biting. She
did not have any major systemic disease. Functional
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frontal view, the lower dental midline shifted to the
right by 2.5 mm in comparison with the upper
dental midline. The lower right second molar and
lower left third molar were horizontally impacted.
From the occlusal view, the upper arch was ovoid,
and the lower arch was square-shaped. Space
analysis revealed that the upper and lower arches
were 5- and 6-mm deﬁcits, respectively. The buccal
segment exhibited Class II canine and molar relationships on the right side as well as Class I canine
and molar relationships on the left side.

examination revealed clicking of the temporomandibular joints (TMJs); palpation tenderness of the
TMJs and masticatory muscles was not detected.
Informed consent was obtained from the patient for
publishing this report.
Pretreatment data
Extraoral ﬁndings
The pretreatment extraoral images of the patient
are shown in Figure 1. The frontal view revealed
mild facial asymmetry with a larger right side and
chin deviation to the right side. The patient did not
exhibit a gummy smile. The upper dental midline
was coincident with the facial midline, and the
lower midline shifted to her right side by approximately 2.5 mm. From the lateral view, the patient
exhibited mild convex lateral proﬁle, lip incompetence and mentalis strain on lip closure. The upper
lip was on the E-line, and the lower lip was mildly
protrusive to the E-line. Any obvious occlusal plane
canting was not detected.

Radiographic ﬁndings
The panoramic radiography detected the lower
left second molar and lower right ﬁrst molar with
incipient caries on the distal side surrounding the
cementoenamel junction (Figure 2). The lower right
second premolar was previously subjected to endodontic treatment with a post and a porcelainfused-to-metal (PFM) crown. The bilateral upper
third molars lower left third molar, and lower right
second molar were impacted. The morphology of
the TMJs did not show any abnormality (Figure 2).
Based on the lateral cephalogram (Figure 3) and
cephalometric analysis (Table 1), the patient
exhibited a skeletal Class I facial pattern with an
average mandibular plane angle (MPA). The upper

Intraoral ﬁndings
The pretreatment intraoral images of the patient
are shown in Figure 1. The anterior overjet was
5 mm, and the anterior overbite was 2 mm. From the

Figure 1. Pretreatment extraoral and intraoral images.
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incisors were proclined, whereas the lower incisors
were within normal range (ANB, 3.1 ; MPA, 34.7 ;
U1-SN, 119 ; L1-MP, 92 ).
The posteroanterior cephalogram (Figure 4) and
the pretreatment Ricketts analysis (Table 2) revealed
that the width of the maxilla manifested mild
transverse deﬁciency (maxillary width, 60.8 mm)
and that the width of the mandible was wider
(mandibular width, 87.7 mm). Deﬁnitions of landmarks and measurements are shown in Figure 5.
The difference between the maxillary width (JeJ)
and the mandibular width (GA-AG) was 26.9 mm,
which was higher than the norm (19.6 mm) in adult
patients. Research has shown that surgical expansion is ideal for cases in which the transverse maxillomandibular difference is greater than 5 mm,
whereas orthodontic or orthopedic expansion may
be effective for those in which the said difference is
less than 5 mm.6 In our case, the maxillomandibular
difference was 7.3 mm.

Figure 2. Pretreatment panoramic radiograph.

Diagnosis
This case presented a skeletal Class I relationship
with an average MPA from the lateral cephalometric
analysis. The posteroanterior cephalometric analysis
demonstrated a mild transverse deﬁciency of the
maxillary width with a relatively larger transverse
maxillomandibular discrepancy. Molar relationship
was Class II malocclusion subdivision. In addition,
she had a convex proﬁle in the soft tissue aspect.
Figure 3. Pretreatment lateral cephalometric radiograph.

Table 1. Pretreatment and posttreatment cephalometric measurements.
Pretreatment
SKELETAL ANALYSIS
SNA
85.9
SNB
82.2
ANB
3.1
Nv-A
2.7
Nv-Pog
0.8
SN-FH
7.2
SN-MP
34.7
UFH/LFH
44/56
DENTAL ANALYSIS
U1-SN
119
U1-L1
108
L1-MP
92
UADH
26.1
UPDH
23.8
LADH
41.3
LPDH
31.8
FACIAL ANALYSIS
E-Line Upper
0.8
Lower 2.4

Posttreatment

Norm

86.2
84.2
2
3.0
2.8
7
33
44.3/55.7

81.5 ± 3.5
77.7 ± 3.2
4.0 ± 1.8
0.0 ± 2.0 mm
5.0 ± 8.0 mm
5.7 ± 3.0
33.0 ± 1.8
45%/55%

114
116
96
27.6
21.9
40.9
32.9

108.2 ± 5.4
119.9 ± 8.5
93.7 ± 6.3
29 ± 2 mm
20 ± 2 mm
45 ± 3 mm
35 ± 3 mm

0.3
3.8

2 ± 2.0 mm
1 ± 2.0 mm
Figure 4. Pretreatment posteranterior radiograph.
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Table 2. Pretreatment and posttreatment posterioranterior radiograph transverse measurements.
Nasal width (NeN, mm)
Maxillary width (JeJ, mm)
Maxillary intermolar width (mm)
Mandibular width (AgeAg, mm)

Pretreatment

2 Months

Posttreatment

Norm

27.2
60.8
50.7
87.7

28.1
63.5
55.1
88

28
62.7
53
87.9

24.7e30.7
62.0e68.0
77.5e83.5

bilateral maxillary second molars to provide spaces
for the maxillary third molars, and retract anterior
teeth. The extracted spaces were closed via the
bilateral maxillary third molar protraction and
anterior teeth retraction with the aid of a temporary
anchorage device (TAD). Moreover, we extracted
the mandibular left second molar and mandibular
right ﬁrst molar because of incipient caries on the
distal surface near the cementoenamel junction.
Finally, we uprighted and protracted the right
mandibular second molar and bilateral mandibular
third molars to close the extraction spaces.
Treatment alternatives
For maxillary expansion, using the conventional
nonsurgical tooth-borne RPE method in young
adults and adults with fusion of the midpalatal suture may lead to undesirable side effects, such as
buccal inclination of the crown, alveolar bone
dehiscence, and gingival recession.7 Although the
fusion of the midpalatal suture is not directly related
to chronological age, particularly in late adolescents
and young adults, assessing midpalatal suture
maturation on cone beam computed tomography
(CBCT) images may be necessary before choosing
the RPE option.1
SARPE is an invasive surgical procedure, which
was refused by our patient. de Oliveira et al.8 found
that MARPE presented a more parallel expansion at
the level of the palatal process, alveolar process, and
crown cusp in coronal view and the molar and ﬁrst
premolar portion in axial view, whereas SARPE
resulted in a more triangular opening and with
greater buccal inclination of the alveolar process
and supporting teeth. All these risks and side effects
were explained to the patient, and she agreed to
attempt nonsurgical MARPE treatment.

Figure 5. Parameters used in Table 2 of this report. Posteroanterior
transverse measurements: 1, cranial width: distance between the most
lateral points on the cranium; 2, facial width: distance between the most
lateral points of the zygomatic arch; 3, nasal width: greatest distance
between the right and left lateral walls of the nasal cavity; 4, maxillary
width: distance between the right and left jugal processes (intersection of
the maxillary tuberosity and the zygomatic buttress); 5, maxillary
intermolar width: distance between the most lateral points of the
maxillary ﬁrst molar; 6, mandibular intermolar width: distance between
the most lateral points of the mandibular ﬁrst molar; and 7, mandibular
width: distance between the right and left antegonial notches.

Treatment objectives and plan
Our treatment goals for the patient were as
follows:
1.
2.
3.
4.

To improve insufﬁcient posterior overjet
To relieve maxillary and mandibular crowding
To achieve lower right molar up righting
To achieve bilateral Class I canine and molar
relationships

Treatment progress and results
Treatment began with the application of bands on
the maxillary ﬁrst molars followed by pick-up
impression. A microimplant-assisted maxillary
skeletal expander (MSE IePin Type; Biomaterials
Korea, Seoul, Korea) was soldered to the maxillary
ﬁrst molar bands. After the expander with molar

The patient had no posterior cross bite, but she
exhibited insufﬁcient posterior overjet and mild
anterior crowding. Our treatment plan proceeded as
follows: First, we used MARPE to expand the
maxillary arch. Next, we extracted the supraerupted
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bands was cemented to the maxillary ﬁrst molars,
four microimplants (diameter, 1.5 mm; length,
11 mm; ACR Series; Biomaterials Korea) were
directly inserted into the palatal bone using a hand
driver, with the patient under local anesthesia.
The mandibular arch was delivered with a lingual
holding arch as anchorage for leveling the impacted
tooth. We extracted the upper second molars, lower
left second molar, and lower right ﬁrst molar. In the
interim, we bonded brackets on the lower left third
molar and lower right second molar, parallel with
the occlusal plane of the lower impacted molar.
Once the brackets were placed, a segmented wire
(0.016  0.022 in; NiTi; GAC International, New
York, USA) was used for leveling (Figure 6). The
expander was activated twice daily (0.2 mm per
turn) for 2 weeks. A central diastema was clinically
noted within 1 month of activation. The expander
was ﬁxed with resin for another 5 months to allow
bone formation in the separated maxillary suture. In
the fourth month of treatment, the brackets (0.018
slots; MBT System; 3 M Unitek, California, USA)
were bonded on both arches, and a 0.014-in NiTi
wire was used for initial leveling and aligning. We
cut off four connectors of the MSE in the ﬁfth month
of treatment (Figure 7). Three months after bracket
bonding, adequate upper anterior teeth leveling and
aligning were achieved, and the diastema was
closed. After the mandibular molars were uprighted, we removed the lower lingual holding arch. The
right mandibular second molar and right third
molars were protracted into the extraction space
using a micro implant (1.4  8 mm; AbsoAnchor;
Dentos, Daegu, Korea) (Figure 8). The MSE was
removed in the 13th month of treatment. We
inserted TADs (2  10 mm; A1 Screws; Bioray, New
Taipei City, Taiwan) into the bilateral infrazygomatic crest for upper anterior retraction (Figure 9).

Figure 7. Skeletal stabilization in the case patient.

Posterioranterior radiographs analysis showed the
skeletal expansion of the maxilla (Figure 10 and
Table 2). Finally, the nasal width increased by
0.8 mm, the maxillary width increased by 1.9 mm,
and intermolar width increased by 2.3 mm. The total
treatment duration was 23 months. The lower
impacted molar and mild maxilla transverse insufﬁciencies were corrected, and a stable occlusion
was established after treatment (Figures 11e13).
Improvement of the patient's lateral proﬁle, from
convex to straight, was observed through pretreatment and posttreatment images (Figure 14). Lingual
ﬁxed retainers were placed on both arches and,
removable wraparound retainers were delivered for
retention.
Superimpositions of cephalometric tracings
showed lower molar up righting and protraction,
with the root apex of the right second molar having
moved forward by almost 10 mm. The U1-SN
changed from 119 to 114 ; the upper ﬁrst molar

Figure 6. Upper microimplant-assisted rapid palatal expansion and lower lingual holding arch ﬁtted on the case patient.

170

Taiwanese Journal of Orthodontics
2021;33(4):166e175

P.-Y. CHEN ET AL
MARPE AND MOLAR UPRIGHTING IN YOUNG ADULT

Figure 11. Posttreatment panoramic radiograph.
Figure 8. The right mandibular second molar and right third molar were
protracted by using TAD.

Figure 9. The use of two TADs for upper anterior retraction.
Figure 12. Posttreatment lateral cephalometric radiograph.

intruded by 2 mm and caused MPA to change from
34.7 to 33 . Upper molar intrusions were due to the
effects of extracting the upper second molars and
extruding the upper third molars. We also used the
bilateral TADs at higher position in the infrazygomatic crest, which facilitated upper ﬁrst molar

intrusion and retraction. These outcomes indicated
that the mandible had a slight counterclockwise
rotation (Figure 15, Table 1).

Figure 10. Pre-expansion (A) and post-expansion (B) posteranterior radiographs.
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Figure 13. Follow-up extra oral and intraoral images.

Figure 14. Serial facial Proﬁle change from pre-treatment to post-treatment.

DISCUSSION

traditional RPE, which may cause buccal tipping of
teeth, rather than skeletal expansion.7,9e11 Occlusal
radiography or CBCT should be performed to
conﬁrm the success of MARPE with the opening of
the midpalatal suture. Research has suggested that
the distribution of mechanical forces in the palate by
screws might reduce side effects, such as gingival
recession and buccal bone dehiscence.12

Maxillary skeletal expansion
Maxillary skeletal expansion from the late phase
of adolescence to adulthood has been conﬁrmed
by CBCT images and radiographs of cases of
MARPE.7,9e11 It has never been achieved using
172
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1.
2.

Upper incisors: retracted
Lower incisors: proclined

3.

Upper molars: retracted,
intruded
Lower molars: uprighted
MPA decrease

4.
5.

-------- Pre-treatment
-------- Post-treatment

1. L1: intruded 0.6 mm
2. L7: uprighted and

1. U1: retracted 1.5mm,
extruded 1 mm

protracted

2. U6: retracted 1.5 mm,
intruded 2 mm

Figure 15. Cephalometric superimpositions. Overall superimposition registered at the cranial base and S point, maxillary superimposition using the
structure method and mandibular superimposition registered on the anterior internal cortex of symphysis and mandibular lower border.

clinical MARPE study, Choi et al.12 reported that 5%
of the micromplants dislodged during expansion
and 13% showed clinical mobility. In a clinical study
that followed twenty-nine patients receiving
MARPE, 48.3% of the patients reported swelling or
inﬂammation over the palatal mucosa, 41.4% of the
patients complained of difﬁculty in cleaning around
the device, and 37.9% experienced soft tissue

This technique is associated with an extremely
narrow arch, which may limit the vertical positioning of the MSE and thus lead to a lower treatment success rate. In these situations, the expander
can be trimmed so that it can be set closer to the
mucosa.13
Expansion in adult patients might be associated
with several complications. In their retrospective
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P.-Y. CHEN ET AL
MARPE AND MOLAR UPRIGHTING IN YOUNG ADULT

Taiwanese Journal of Orthodontics
2021;33(4):166e175

impingement when expansion.5 Patients should
thus be informed about the importance of oral hygiene care. Furthermore, the use of microimplant is
known to transmit direct force on the palatal bone,
thus producing skeletal change.14 In comparison
with Hyrax appliances, MSE appliances have been
found to transmit the expansion force directly onto
the palatal bone and produce a more parallel
expansion and more constant suture opening
accompanied by less bone bending and less molar
buccal tipping during the expansion treatment.15
Research has also shown that bicortical microimplant anchorage results in improved the microimplant stability, decreased microimplant deformity
and fracture, and more parallel expansion in the
coronal plane.16
In our patient, although the transverse discrepancy was mild and the intermolar width expanded
by only 2.3 mm, the anterior crowding and upper
incisor proclination improved, which is largely
attributable to the extraction of molar teeth and the
adjunction of TADs in the infrazygomatic crest. We
used the bilateral TADs at higher position in the
infrazygomatic crest. The effect was not only to
facilitate upper ﬁrst molar intrusion by 2 mm but
also retract anterior teeth by 1.5 mm after treatment.
This also of allowed 1.7 mandibular counterclockwise rotation.

Furthermore, maxillary molar inclination that had
been buccally tipped immediately after expansion
has been found to return to pretreatment status as
well.4
Molar uprighting
In the literature regarding the treatment of mesially inclined molars, a wide range of appliances with
different designs have been used for molar
uprighting, such as uprighting springs and skeletal
anchorage systems. In our case, we used a lower
lingual holding arch to serve as anchorage for
leveling and uprighting, which avoided undesirable
movement of the anchor teeth with a continuous
wire. This method can be performed with or without
surgically uncovering the impacted tooth. The general procedure is to bond a bracket or an attachment
on the buccal or distobuccal surface of the impacted
tooth, followed by the utilization of an uprighting
force. In our patient, the uprighting of the impacted
tooth was used to regenerate the bone defect.18 The
extraction of mesially inclined molars and orthodontic tooth movement of adjacent teeth would also
remold the alveolar bone forward, but this could
compromise periodontal health.19,20
After the impacted molars were uprighted, molar
protraction may be necessary, especially when the
patient did not require more anterior segment
retraction. Molar protraction is more challenging
in the mandible than it is in the maxilla due to the
structural differences. The maxilla is composed of
thin cortical bone and loose trabeculae,21 whereas
the posterior mandible consists of thick cortical
bone with dense trabeculae.22 Because of the
increased thickness of the mandibular cortical
bone, the rate of mandibular molar protraction
with skeletal anchorage is nearly half of the rate of
maxillary
molar
protraction:
approximately
0.34e0.60 mm per month.23 The potential risks of
molar protraction through an atrophic ridge
include loss of attachment, bone dehiscence,
increased mobility, and root resorption.24 Longdistance root movement and old age are risk factors for root resorption and attachment loss,
respectively.24
Age can affect the prognosis of an impacted tooth.
Failure of orthodontic eruption of impacted tooth
has been observed in older patients, especially those
who are greater than 30 years old.25 In our case, the
patient was only 18 years old, and orthodontic tooth
movement into recent extraction sites was observed.
Superimpositions of cephalometric tracings showed
mesial root movement of the lower right second
molar by approximately 1 cm.

Stability of MARPE
Reports on the long-term stability of MARPE are
rare. On the other hand, a study that investigated
transverse changes in anatomical structures after
MARPE found stable 1-year outcomes, although the
alveolar crest in the maxillary ﬁrst premolars was
reduced by 1.54 mm.17 In our case, an MSE (MSE I;
Biomaterials Korea) was simply soldered to the
maxillary ﬁrst molar bands. Therefore, the alveolar
crest level in the ﬁrst premolars was not evidently
affected, unless the alveolar bone in the ﬁrst premolar area was low before expansion.4 A retrospective clinical study that investigated the
medium-term stability (30.2 ± 13.2 months of followup) of microimplant-assisted rapid maxillary
expansion in young adults found stable skeletal and
dental expansion, <0.5 mm of change, and nonsigniﬁcant change in maxillary clinical crown heights.
This indicates the method's favorable impact on
periodontal conditions.12 Moreover, decreased
buccal bone thickness and increased palatal bone
thickness during expansion have been found to tend
to return to pretreatment status, with an increase in
buccal bone thickness and a decrease in palatal
bone thickness, respectively, during follow-up.
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Based on the literature and the clinical case
described herein, we conclude that MARPE can
achieve stable and functional occlusion in cases of
transverse maxillary deﬁciency among young adult
patients. Mandibular molars can be successfully
protracted into the recent extraction site using
skeletal anchorage in young adult patient.
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